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(54) COMPOSITE HIGH STRENGTH MATERIAL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an Al-contg. 
composite high strength material of high performance 
combining superhigh strength which has not heretofore 
been attained not only in the case of Al alloy wire rods 
but also in the case of bulk materials, ductility and 
toughness. 

SOLUTION: A powdery mixture in which Nb powder is 
almost uniformly dispersed into Al powder is prepd., and 
this powdery mixture is compacted to form into a billet 
2. The billet 2 is inserted into a pipe 3 made of pure Cu, 
solid rods 4 made of pure Cu are inserted into both ends 
of the billet 2, which are sealed, and, after that, swaging 
is executed until the diameter of the billet 2 reaches 20 
mm— >2 mm (wire rod) at ordinary temp. After that, wire 
drawing is executed at ordinary temp, to obtain the 
composite high strength wire rod. 
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(57) 

fafflifcjSttte&A i *#if&£i^£&itf£Ji«-rs. 

A 1 »5K«*>fCN b»3R3&J«^-«:»»0 

•^2it5. CODl^U^ H2*ifi6Cu^NM-7 , 3(C» 
AO. KUs h 2WSKil*CuS¥;e*H&4£}fAl,-C 
i/-;l>L7tf£. ftffitCfcHt: fcf U v HZ OlS*i 2 0m 
m-2mm (t9tt) i^-S^-CX^y^i'ftlX-r-S. 
^<Df£. *B«:*t»-alSBianiU {R^ffiHaGM1st«ft 
7c 



3 2 



[#tta*©fiH] 

A 1 £^tf^<£9ft*>etB*KBCC£JgX«BCC 

^sa-c. buiba i xw:a i ^r^t?^#j: o ftseta/s 

tt*4*CC B C C £JIXtt B C C £H£^t?^3: J; *) ft £ 

Si. irteii^^i^ni-rsci^jro. uiba i 

XttA 1 £^t?1^<fc9ftSmB4ntjiulBBCC:£JlX 
fctBCC#H££tf£#«fc «5 ftSfg-tBSTtB^Ofct* 
^S&*fflK#ffc3tf£M4fluXX*I<t ^^tf^^fiS^g 
tt©SS{ji:S*£. 

[fft^3 ] HflSBSRS^RScXStt. A 1 XttA 1 * 
^t?££©.£tt(*. iHU*<*Xteu?t*:& J: 0 ft -SSffiffl** 
sf4i. B C C^XIJ B C Ctl*ttf^©*«fl:. 

t*©isBi;fr&. 

[ft*JS4] ffiiBSfiS&fBdamt. 

-■r^y-> a i'tcj; 0 A 1 Xtt A 1 £^ty-££© 
J: 0 ft & Sfflfflttfl. i, BCC BCC^ 
Rfc^ft J: 0 SKIXtBffltm 1 ifiU£ L> 

[smmb ] maaamtrmimti. a i mxitA 1 

#ffcLfcA lXteA 1 £^tf-&£J:«3&£^ vl-m&B 
fSSt Z C t (C <fc 9 *t 5 §S3?3! 2 f B*K©«£if!55£Ktt©l!l 

[ 6 ] mi m^m^mmmx & -s it ^ 1 
iBis©s^iS5sa«x«ii*^ 2-5 ©ur*i*>-3ite 

B«©*£*SU^©*ifi#£. 

ans* 2 «±-c*^,ss*^ i iB«©a^ie5sawx« 
[ it^ 8 ] «nE»— ffl©fflttama©3i«ftj»*36« 1 

0 u mttT-C^Sii*^ 1 IEiE©1S^iS?aSt*X«lil^ 
J£I2 ~~5 ©l»rtl*»-3WCEtt©a^?IHlUJttt©«JB* 

[ 9 ] buIBIS ~1=B©3gttJ]nX«©¥l4jSPS*s 1 

o At m«T-c*'5W*JH i ett©ts^n%se«rx«M« 
m 2 ~ 5 ©i»r*i*>— 3iccRijt©it^j*?a*t*©«j6* 

[|feBJ©i¥fflfti«BJ] 

[0 00 1 ] 
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[«w©M-r*aw»»] ai (r^5-^ 

A) ^r^tya^ig^attscz-ecMis^stcM-r-sfc© 
ft*s. #BJ3*fflgT-ttiB$S©f§B6{t©A:tf>(c. *S 

StMiS^S'C^^IS^ (face-centered cubic lattice, 
BSOTFCC) £<h6£J!£F CC^HilflU *SH 
^^d J ft'C»AA^^)S (body-centered cubic lattice, 
Bgl/TBCC) «riS^I?:BCC^a<i:IB-rci(C-r 
S. 

[0 00 2] 

10 [S£*©8ffi] &iat**4©#ifctt. fT^S. + 
ffl^^-Jl^a-Fftdf. :S!tGPaX«-eiT.t( 

9. l>^ttfc^>:7A'ftffiJjR©fc©#^K:tttf&*rC 
cfitt. ^*;Ui7©ii5^glvt©$6K:^[fgii>ofc 

[000 3] — A 1 RO'A I ^#©^ff -CW. ^ y 

Uc^Tl. 3GPaW±©'Jd<>Wft<!:*st#e > n-C 
t>4 (#±B>«^. »*« : S^B. 4 21(1992 

20 ^> . 2 9 9D „ mo. cnti. *o-j^iia 

Aj:<t'K:<tS4>©-C*f?. i¥3 1 0 *x miSOSIt, it 

^mi&'bm^mtttit^ < sfts^rjsiiftfc© 

<?0. 2~0. 3GPa&cj&g"ftl». Cti«. ^^JUi'© 
ffl^ i? ^ 5 >^&<t'©i^Ktt©&g©*#K:«>ip! 
fcftl»{Sl»U^-C*S. -Tft*5%. J|}fTBA)M 
a l ^©#ire. ^•jui'©^S*b©<- .fc^^cS^S 

[0 00 4] 

r> ^fcjim^fti'©*^!!^©^^^®^^^.!: 
U. Al &#■£©£&©«**©-- X«ffi«>-t;*:# 
t>„ U^LftAS?). A 1 jH'fi^'&t^^c i -? "C 4>> S9i®«r 

ffl{c«brt^©*s^-c*>-5<, f©ft©Ai^©i 
[0005] cn^s?^^<. -»K». ^fcSJRft 

40 i*©-b^ s ^ * xmrnmrn-eskitLtcmeiA 1 s»©gg 
»wfc«#sn-ci>* (Wfflif«. mmnm. 

neaff*. *ttw. m» 
tt : a^m^mm^mmmm ( 1 9 9 8 30 m 
20 ih) . o#>Lfr#e>. c©*ffirttsgtcisiss 

7&im>WWfi-CX . i^W* 5 S< ftfttfft£ti<t'S£K# 
flBdCCiSTf* il» 9«H5ffl*m4 LTSfc*Wft 

r. «^«^©@tt. Wtt. «j*>*Sf«Sttftir*«. a 
50 1 *f*©«^ t ib$5 l r ^ # < # * C i ^S'J 3 
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[0006] #^<D@WB> UKSWBSJBftU A 1 

[0007] fcc c r % :x© <fc 5 fr##^(DH>S&{|} 
4*;tfr*j<. -rftfc^. ^^6, AiifilDFCC 

KD6tirc»&. WIB. J.Bevk6B. «SBKtt£1?l>& 10 

0. 5%t, 19GPa41ffiWS 
(Applied Physics IS, 4 9« ( 1 9 7 8*£) , 603 
II), S.FourrahimifcB. Cu»*iNb»* 

tl. 4GPaSfi(03ISS?ftft*f»rc^ (Metallurgi 
cal Transaction A IS, 2 3A^ ( 1 9 9 2*f) , 5 7 
3H) • 

[0008] Ch6»±tFCC41 20 

iU, BCC*lliSSCCtl»«"r5 

cu*fflc*/c*>©r*o, a i &»»tr&fc<Drttft 
c> 0 ccDcfc^^c, cti$-ccu^ffli^6tir a i awst> 
ShtoofciStt, a i Br£tt&#Rr*9. 

-*Z>tc#>. mftMlstctmVA 1 *CCBCC^)K*»li 
ttAMIIMfc«»*4tfA lg^UUciUtt, & 

be* 5itta^*»ft-c**A i x\t j t<o£&&±icft± 30 

3i*£c:£B-C*fc<,>o 
[000 9] 

mmznm-t *fc*©*s] ccww 

KCC«*T, A 1 *£t* (»*L<«*^<b-Ti) Sffi 
BCC:£JI£^tr (jff£L<B^I><t-r&) fftx 
tB£#ifc3i±, Cti* <»*L<BSftS©) ^tttoXOC 

^LfcttttCA 1 XBA 1 ^&*«{fcLfc«*ilHftK 

O«a*ffi«cJ:0, A l-^^WEWrBttOW^tt 40 

[00 10] ( 1) mBML#1tStl1tCtlC**)A 1 
XBA 1 *atf^cfc0fc*WI4HCBCC&KXBB 
C C £R &Stf £#<fc 0 & £Sfi-tl#tB#f8i LfctOiT 

[ooii] ( 2 ) a i xba i ttsts^amiitfcm 

Ufc^aftt?, SuifiA 1XBA 1 tdt^AJ:>5<C*« 
♦BffltflWc, BCC^BXKBCC^S«;§t?^J: 50 
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ISA lXttA 1 tft^J:Ofti»fit{Cl»EBCC 
&JSXB B C C#JS£^tf ^£<k 9 ft &?fixf a^ta^nt 

[0012] ( 3 ) MteS^ftJ&XflB. A 1 XBA 

flBttf4<t, BCC*«XttBCC4IIiS:Stf^©^tt 
(*, ««(*XBffitt»J:9tt&*-«fflW»i*»*. 
fe«XB«JB-rsCi«c<fc9tf^Kfia (2) (D&^ifftt 

[0013] ( 4 ) NBBAMffOXaB. WWtt (* 

1 XBA 1 *dt^*0*tt#<fc 0«c*Sfflffl**#*i. 
B C C4»X» B C C AR*«to^ft©jStt#J: Oft* 
*rfWitm i **»^ Ititffll fc»tt»XB>< * * £ 
fHW"*C4«:J:0ff5ltE (2) <Dffl£iS5S*KttG>S{ 

[0014] ( 5 ) IfrSa^RffJSXSB. A 1 ax» 
A 1 *$tf6£flBGM ?+fB<D+K:BCC&BIXBBC 

ttftttftWlLtcA 1 XBA 1 £fitf^#<fc o tra-* * * 

a^^*r€>c4ccj:otf 5fjtB (2) ©a^isssffit* 

[0015] MBft^R (1)^(5) fCfcOT, Hjft 

nr, «*t. «»• «sf, B». *«sR7c»« 

[0016] TA 1 £^tf1^&J i«. A 1 *:S0tffJCC 

# v A 1 *<M*< 4fc£«5W>— o4LT*trc±**» 
£0<. S6KA 1 CD$W^#^^^5^rft/rC 
*4C<fc#SJ*l,l>. £fc{iir^T<t, Al©t#$»3 
Oit 0 /o«±-C^Ci^l<, SOWoWlt 
**C4#3e>CC}?*L<. 7 0II%«±r*^C<i: 
3^S 6tC>f*l/C^ r A 1 **t*A&J tCfe^SA 1 « 
?HD4fcBIXB#*MB, »CCR5ES*iai»#- Cu, M 
Mn, Si. Ni, Fe, Zrf?:W^Ci^ 
r££o *©^B. Xtc^, HTBRXB^tlfcli©^ 

o r A 1 XBA 1 ^^#J ©StBffi«*4B, - 

[0017] rBCC^feBj B, KfjecD^JRCCBBESti 
4fc©rtt6< k Nb, Fe (&) , Cr (fPA) , 
Ta (^>^;b) , Mo (^eu^r>) XBW <^>^ 
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Q> Nb, Fe k Cr, Tait @<g&«±<DJ£l^g 

oa i x»a i t*tf^a«jftMaTrHttJin:* 

^^tt, Nb. Fe, Cr. TalWcfln*."C % r^X 10 
[00 18] rBCC£Si£#tf^J itt, BCC4 
BCC^*4>tt<£6±0E»0-o£ 

T<b, BCC©^$»3 0WM%&L±X$>2>Cti)W 
£L<. 5 0Il%a±'C*SC43&J3 6K:}f*U< 4 

*cfcW*BCC*BlfiW©ABIXtt* 20 

<&k(D-e*>, ^ft*o< -&fc©rfe. cn^cDffl^ 

£*>tf-Cfc<fcl,>) . rBCC4iXttBCC4I*Stf 
©»x«fl!Wtttt % — ttTfcJ:l»*s. X«fcLb£ 

[0 0 19] rAlXttA l*dtf**J <t0ft*«« 
0M#f4<t, rBCC*«XttBCC*H*dt^#J J: 

**. «ti«:#i/r«r**«ii'C«utei«lJt , c. 10 

0-0. 5 : UWfiF*L< ,30-1: l#3 6tc#* 
L< . 15-3:1 

[002 0 ] jfcfc. TAIX^A l£^tf^:&J £9 ft 
4S*IJB*tf4<fc . r B C C^1X« B C CAJMrdt?* 

ittf FCC, fS^A^tST- (hexagonal close-packed 1 
attice, B8LTHCP) «) CD^Jg, AMIKteft * 

tfc«©«K«:^J:0ttS»=fiS»tt*s|- 40 

attttXKBtttt) *• zi^wwijB^LXttSfeiasn* 
[0021] fuia^s ( 2 ) ©«ji»ffi5fcrs«:*5i* 

TA 1 XteA 1 *atf^fe©«bSCcaU<Cl^»Rj 

tf6 6 0°CfiSr&£ o ffiU C©fiS«, »*U<tt 
3 0 0'C«TC*»3* £6Ct«P£ U< «2 0 0°CWTT 

COjaS(0TK««FCcttc^ t Sffift^t* 50 
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iMMltCj: *) mmvZ Z> - 1 9 6 "CWaTOIJlKrCA 0 . 
0 # CJ«Jb#ir?$l/t>. 

[0022] Suia^S (3) cc*$i»r, r^stt#» 
{*Xtt®ttf*J 4B. So. tilUttflWJOTttftBft 

ajffiBttd^- i r4><fcC>. 
ffltt»4©«£Xtt*S*. 

ffittfr4<tcoS£- 0 

g : ^«<*<fc oft* stuutm 4 mm** o ft sunta 

h : ffitM* «fc 0 «c«ffintm&riW(U: ^ ft£!?IX*B 
i : mtKt* <fc 0 ft5S«ffltmi«tt*J: 0 ft 

giflnx. JftH^px, ESiftnx, bjs»x. siaanxft^ 
& 0 s/c, cne><D»nx(D— gtt>j:i^ 4 raeth* 

[0 02 4] m&mX] ZftlURtLXiX* mfto 
JiSicJ: 0 r a 1 XtJA 1 £^fc^<£li*KjSUft^ 
S^J T*tl««fc<. T»tt1*ccftc^ % ScaftjRf^S 

0) ^^U<«, rBCC^KXWBCC^W* 



« ■• 



1 2 1 -CtUi. SMoTtt24 *a $fiWr-«3 4 
1 •Cfclh"C*T5C£a*<fcl>. C©Sgtt. BCC&JKD 

^14lg ; &e»l//c^*Wrsi±tcW^T , *€.fcs!). aft 
KB200 -CgaWT-Ctf "5 C «fcC>„ 200 'Ctt 

IBWcJ: •) Ta 1 XBA 1 £^tf^£j ©sag • 
ffiTO-C^ODfiDXMcD^KfiT^^/c-r. {IU ftift 
9 9. 9%«T©A 1 ^&£flH>£tl£. /rfi«})tCt**l 
^t*M<&©8?S!t£*fitf Sfcab. 3 0 0 

coo25] r^ttjjnxj vmjs.ow&mjLmf * l 
< . siiflniK j: o mimic***, zmxmi* 2 «±-c* 

SCiWSLl*. Chit 2«T"C« TBCC&MX 
ttBCC#JS&£tf^3u £9tt*l&XfB©##&8Mffl 
{fc*ij&£3*ittc»fc«>-e**. Sfc. IsWJDXMil 0« 
±t?*-5C Ctt«. 10«±it 

£#>6r&&„ isimxii* 1 2jy±£^«. tbcc 

#JSX«BCC^)S€r^tf^#J £9 £c-S>fg-tB©j¥3 
• raPili fc^gS/hi & 0 . fit*© A 1 £#t?f#6*lfct,> 

[o o 2 6 ] B!ri2#l9: ( i ) (2)tcfeti-c. rt@#g| 

[002 7] rBCC^RX^BCC^B^^tf^J 

j: o &sj&x *a©^t£Mn£©¥is/ft*RtPP^iaiB 

tt. 1 0 u myK^tCifgi^^^ftS/ci!). 

um«K*s. cn«, ]/imaK», cne>© 
jii-ffijw r a i x«a i *dt»^£j ©etB*©is&© 
^0«b£#iI3?©A 1 x«-e-©££ 
i«^*<^^r< fi£5fe©A 1 

HS®g*^J!Sfts/ctf>-c*s„ fit. ^-ta©stt»n 

[002 8 ] *miic£zmi<D&&mifflmt> <x<o 
<fc-5%fc©i#A6n.&. -rfc*?*,. Bcc^itt, ss 
I4»nx%tf ^ <t. w-mmmtux 

5g$4*Ho i i]#iftfcWteiaajt,fcBcct*»'ca\ 

4 0©< 1 1 1 >f^f5^(S]©f*9> 2-o©#*i0!l;*.««l 
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«©<*£«: #5^* ma u ?i5s?iiiK:sia^-r-<o^« 

r£IbOfrl,>C<!:K:<fc£. — FCCiit*4A]X 
«A 1 £^tf££rCti. ^14jJDX*tf^> (t?«x.«i^«i 
?2>) £. mgkm<®tt&%BLXPltgitKXmmiCtJ: 
•*>„ -5- (/t, TA I XttA 1 £^tr££j «fc*)Sc&Stl 
rBCC^IXBBCC#)S?r$^#J <i:9fr 

io ft*. 9l5gmi§f^i'tc^U-ClS(4©^i*^-r<'«:^nta 

-c:/n ? * 3h-cs(4©*a*5^D. s^§i©^a©^ 

l/&<fr£. c©fcS>. &&©if£8&©lf5*;w:. SIKlf 

si-£«E{4£gib stB* 5 ie[Si-r^isi«:©^. <i 
'»©$K{4*sis'3mL^*sp»^«i-r'5>fc©<t^-2> 0 cne 

©HiKiO. fiDXW (Witt***) ©&«#*#< fa 

±-rs. s/c Kig-r *MtB©#g^tt. §si*yrax+© 

20 BtcJWC-r*. 
[0029] 

[ffc9i©3IJfe©JISSS) ^^©^JlfcK^c^-CW:. *© 
«fc -5 tt3B«JBW*«S*r* C S. 

( 1 ) A 1 XliA 1 £^iy^£©^<fc9 

*4i B C C #JSXtt B C C^)l*^ty^©*9* =t 0 Aj: 

*m:iffiffl*m (SRStto— »*> *. 

x-5?>Mm. wiicBVvm. «5t. «#, a» 
30 ^ir-5fls«. 

(2) frta (i ) iraaotru^ h*. iSgffttiJnx. 

o) una (i > 4ia«©«^«**. Mrt-fflcm 

(4) KTB2 (1 ) iP1fll©tUf h^r, ^SffitC#t*. 

(5) iotb ( i ) 4ra*©iB^»**. a«ES»nx-c 

40 Wst. «t#. fit«fi-r4«». 

(6) Buia (1 ) 4|BI«©^Uf h*. ESl^Jrax-c 
««. #», «». ***. 3£W. SiH^SMMft 

(7) me (i > iH*©*^©**. iBsagaanixr 
*». mt. «*. *». stt. zn^XTtmmmt. 
-r&wm. 

(8) Mia (1 ) 4IBI«©KUf h*. ECAPffiiCj: 

«o ECAPfta. ^ggtfcsEM-r-siaioa©— o©j« 

50 ?L (Channel) fcfflUTtmfcffll/HlU ft*«»)ft"C« 
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»«c**ttjBKSC»*#A4ait4fln:*ffir*4 (r.z. 

Valiev, E.V.Kozlov, YU.F.Ivanov, J. Li an, A.A.Nazar 
ov, and B.Baudelet: Acta Metal"). Mater. IS, 4 2^ 
(1 994ft, 24671), ECAP&T'U:, g^t» 

(9 ) 8MB < 1 ) - < 8 ) CCfctf g»B 

io 

do) 8512 (4) (5) {Cfotvc. ^W^^S-r^ii 

m, -tmm* ■ B^m^mm^mmmm. 1 9 9 

8*P. 2 9 51) «C<kO«»«C«ainX*«^«fli. 

(11) x^u-7 r ^^3>^<h'tcj:0 A 1 

u -eonttsjxtt^^^cciirE ( 1 ) - do) vm» 
it*5tx&wufflttj:i:ikLx&i&rzmm. 20 

(12) a 1 mx\*A 1 *£rt*^£ja©.y b 

CCAIBXttBCC&K**«rdA©»5KJ:»)tt*IB- 
«c. SuiBS-tBffl»f4^«L//cA 1 XttA 1 
( 1 ) - (10) r»tffc<t9**«ffltt»lx«J*Lrjp 

coo3o] 3 bttc^mnzMmtotcmmw 1 -4 *c 

[HJfcWl ] «S99. 9%, ¥-mr&2 7 /imOl# 30 
T;U5l±§g*«A 1 0 0MmfilTCc««Ute*fi 

S9 9. 9 6%©U7-rf*'; ?*flJJNb»7Ki*. ft 
ItttA 1 :Nb = 4: 1 i&* £9 VH«d«fc«fc 9 

*»r3o*WBi«^u a i»*i|i«cN.b»5iwwiaEh- 

1(a) CCSVTJ:5CC, 7A^7^WSicj:0 

sar-jinEE^ i i 8 m p a "c— wffit&ag^ u bi 

(b) CC?RTJ:9tC, IS^2 0mm, B$2 0mm© 

tru*h2 (iBfiBa©— ««) iUc e C4>fcru?h2 
B2^irJz 9 >(c. *fiCu»|A>f ^3«c»AU t* 40 
h2W»«:*6Cu»0*ll»4*»AL/r^-;l/L 
fcSL »fflCC*$C*rhfU^ h 2<om&W2 0mm-2m 
m tftit-CXx-^d^piUfc. ffiU 

-;U«2 Omm-1 8mm(Df»]OXX-t;>^C 

[0 03 1] HO<SfitC*JC»r«l?IJpiL/ 
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[003 2] 

[&1 ] 77= 1 n (AO/A) 

[003 3] CC"C, A0ttffi»J3BB»©tfU* r 2<D 

3 (T) . U) > <*> B. ^ri^tiv = b. 4, 1 
0. 5, 13. 0<D&m£TmJiLtc&tf<Dffimm<D* 

3&JAlt*a. JtoX^ittfTiiNbte^lKWOfi* 
»W«Cfl«"r6Ci3&«t>a&»*. 77=13. OORBT, 
K«C rHSSti^Nb^^ ^^>KDW*«, £fc 
§nm$tft!>l/tl^ fl EKtCW:. 77=13. 

0 OSttOllferottKll ^ * Pii^r^o N b tttttt 

& e BSKte, 7?=5. 4©SB<0«t*<DX«lBl»ftt* 

ntbtitct-fmi-rtihA 1 R^NbW*© 

WSTSC&JWWSr**. H6CC». »]XS£3I5B» 
Ofc. »XS<W»flpec#c»5IBHSKli»^ 
CCtfJJDU T?=10IR«ra«4, S66C«H«:*JP 
U/c 0 77 = 1 3. 0 ©l8:Br«. 5ISBSSK-C3 4 0MP 
aftSfffetifc. 7?=13. OOSBTCtt. Nb7^7^ 
>KD»*, HHI&fc. ¥JW3 00nmlKi«Cot 

[0 0 34] [HJKM2] JN&JS9 9. 9 9%, TOSS 
2 7um<&*#T;U5tt«*GA l*03fc<t, lOO/zma 
TCC^HL/c«fl[9 9. 9 6%CDUT^£ V **tti?N 
b*»^i^r, &mttVA 1 : Nb =4 : 1 <b&S<fc5 V 
S!iB-&«K:J:»3»»r3 0»IBiB^L. A1»**«CN 
b»5R^«i^^ttUfc»^»*tftfiJELft:. C©tS 
6»5R1*, HI (a) {csrcfc^tc, TAX^-M7J 
(IBttt)W^J:0«arWE*l 1 8MPar-l4E*&^c 
Jf^L. HI (b ) Oc^rrrj;^c\ iES^2 0mm, iSS 
20mm©^U?h2iLfc. C©tru?F2*, H2 
tC7n-r<fc^tc, KCuB/^^3«c»Al/. Xl>?h2 
p|«K:«Cu«©if*«4 4#Abrt'-^L*:a, S 
SCC*5Ci-CbfUy h 2 0X8^2 0mm- > 2mm (jfi 

2 0 mm^ 1 8 mm<DSM(D^x-^>^(D^tcKn/c 



(7) 
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JH&U t'U^ h2tc^Tlf7kS^^6J:^(cb 
/c 0 *fc. ifiteflll £»ftO. SttttlXfft. 3C«V<*«C 

[0 03 5] 1 ilsJD < *a«C*5C»Tt» 

t8*3il-rc<t-c. s^»*cDHib <»*H2tf>JS^> <t 
H«fcc. Nbcfc9ft£f&nffl (Stfbti) iA l JcDfc* 10 

tt, 77=10. 4(DSBrtat*©lSK«:<fc»)ctiJ£i±© 
SKfeflPXtfr # ft < ft 0 , 2 5 0 -C*C 5 B3n0%Stt&3l 
£teU/c„ C<Dtc&>. 77=14. 6©IftJJlIXffi<D&»* 
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: [0 0 3 6 3 07. H8». 77=14. 6<D&$g£T'lM 

IBH*MEOfcti*r*S. 77 = 5. 4C0ISP§"CK 
Pi3PI£& 1 jLtm*TIslr>T*$9, 77=14. 6 
<D®B"C«l»rtifc 2 1 0 nm<fcfto"CC>5. Ctifttt 
*fc8«B^t*«jlffL/c««r«. 77 = 
14. 6 b 7 * ^> h©«t#2 2nm> M 

[0037] 



7JHX3E7* 


5. 6 


10.4 


12.4 


14. 6 


JS*. (Mm) 


7.7 8 


0.6 9 


0.3 8 


0.2 1 


WBi </tm) 


1 5. 4 


0. 84 


0. 48 


0. 2 1 



[0 0 3 8 ] 77=12. 4RCM 4. 6<Dg 

0, ^PJ{t^CD^-^«12«66nft^ofCo ##fe9J 
(DM 0 , -^©£««**ffi#*l 0 fcttfcTffSET £ C <t 

tfttB-cs*. enow** anxsitr^^-^iisso 
$/ciai iccattixs^siaataoBiiA«^L 

ft^tcffimu 77= i om$L*m?LZ>t. zzic&mc 

ifJjDL/Co 77= 1 4. BOSPIW 3IBHMST1 0 6 
3MPa**»&*ifc. 

[0 03 9 ] [3Gftffl3]ttft9 9. 9 9%, ¥*$J&S 
2 7 /xm CDm#T;b 5 ttiJMA 1 »5fc<t, 3 8ym«T 
tC^jfgL/c^K9 9 . 9%OBf«S{t^W5S»f»ttF e 
{*fflJ±T*A 1 : Fe = 4 : l£ftSJ:3Va 
»^«CCj:0«»-C3 0»ia»^L, Al»**«CFe 

191 (a) {cSVj-<fc5fc. TJ*X5-MJ51& 
KKflUc J: DSS-CttlBE^ 1 1 8 MP at-»ffif 
U 01 (b) CCS^-r <fc5 0C> 6g^J2 0mm, 3 
OmmCDtru ^ h 2 £ L/c 0 CObTU? h 2 £, H2&C 
^"Tcfc^CC, «Cu»^V^3lCjfAl, fc*U->h2M 
«fcttCu«^«||»4*#AU-C5/^Lfca, *a 
CCtel^Ttru* h2<Dli^2 0mm-»2mm (tttJ) 
iftS*rxx-2^>i/JnXL//c. fit, is-MZ2 0 
mm— 1 8mm©«fiIO^x-^>^CDatc«n, Ktfft 



V— JWHU-Cff o/Co 

[0 04 0] ^5fe#ll £0D<Stfi«cfct»t« 

SlflnXL (0^08) , »*t*ffi©Cu*raMri$*OT 

MiBtCit. »^»*<DBfb£iaBSCC> Fe£9ft 
30 UMbffi) <bA 1 «fcqft««tBO«MKOflUffl^b 

r^j:^^b/co jas«3c«fefl=r», 4>n«N««t2 

[004 1 1 11 2, B13tt. 77=14. 8<D$m£ 

«0»fc«te<btbll«" & t , »fi©tt*C»ttP»t?ttft 
40 IK £/c, WKH^&*>^«J:9K:. #«iJl§rJtl»T5 

#-;bLTC>&C<t#frfr&o Hl4K:tt % mtpicfjk-t 

s»xsswDx««a*as**^-r. f»6tifctr-^« 

^BJ©fcT-^«B«&6*ift*»o/c. ~o 

^> e H15tCtt, fflXffi£tf*#-*«S<DIB«*, S 
/cH16CCtt, UPX^i?ISS?SScDB8^*^U/Co »DX 
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SDOT^S. 77=12. 3<D®Vg?\t. 3l5g&gr2 3 
'J^l^OCX «AlOSfl[5 0MPaO5ffiS(,>ilt 

cntt H12, 0i3, m\4 x'*mjtt$m** 

ft£ 0 77=14. 8<D©Pg-ett, 3l38SiK**n = 

12. 3<DSB<fc0flSTOrCi4. Ctltt. «t*{1*SB$ 
Cciiffiomtift £©«iSfc«a*»£ 0 /cMIi^^. 6 ft 

.[004 2] [3ISfefll4] MK9 9. 99%, 
2 7 /im©m^r;U5ttKttA 3 8umWT 

tC^iSb/c*«a9 9. 9»©U7>*y ?*S?JN6Crt& 
{*SUtTA 1 : C r = 4 : 1 5 VgSffi 

£Wc«fc9fir&'C3 0&m&£U A l»3fc4HCCr» 

01 (a) tc^-TJ:^tc, T AX^-^7J#6i* 
MftCC J: 0 ?ffiB-CijnE# 1 1 8 M P a r— ttffi»fi»& 
U 01 (b) tC7S-rJ:5CC k iift2 0mm, iBS 3 
OmmCDtru^ h 2 £ Lfc 0 C©^Uyh2*, 02&C 

tBCC«Cu»©**»4*»AO-CV-Jl/bft:a, 
CCtet>Tfc^Uy h2<DlCSAS2 0mm-»2mm (tM*> 
£&*Sr*x~*;>yjJOXl,fc. fflU V-JHi2 0 
mm— 1 8mm©l»)0^i-^>^0»K:8n, 

[0 04 3] ^ftWHiPD<SSm^g 
3IJJQXI/ (0^B§) , W»CuM-Ciilt 

£l&Xt@ (ttfbtl) tA 1 AOtt&SffiOIEltOtKnHb 
[0 04 4] 77=10. OOSBT, CrtBteTX-^ 

hibagaas-cfflsu/cfifai^w&ft/c. tr*a 

-X^ri 5 0H v, 1 5 0MPa*if# 

[0 04 5] **IB»SJSEIIlft«SSRiygi*SWCC 
EffiSftSfc©r««c<, W*K«T<DJ:9«:, 1MB© 

( i ) **Mr»6ftte«^w^»*suotm*«:^ 
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t<ft£bt*6, Bi;J:9K:SB<fflttft]XUTt>. n 
SK35fccr)^»6ft€> B 
[0046] 

?»KttStf*©KJg*ffi«:cl:ft«. Al^tttfcW 

&g<bi*t* * Htt±**ta«*fcKttttftA 1 
£iS5£gt*££«-r 4C4W*4il^ «ftfc»** 

io [Hffi<Dt8*ttBMIJ] 

[01] ( a ) t**«?B©SSIiS«tc4JC»rig^©** 
E»fiE0LT*u* hKiT£XfI<D©[BS»rI]0. (b) 

[02] Htfl^sr h£*x-^>yjnX-r£X«<D«BS 

©T®0-C*)^>o 

[03] ^*S«1©»«%7RU, <T> . <*f) , 

tt*ft-eft7? = 5. 4. 10. 5, 13. 0<D§ 

20 [04] HD< 77= 1 3. 0©SB©tt»fl[>«Wrffi©5 

[05] |hJD< 77= 5. 4<Da«fflO«tt©Xi»@»fte* 

[06] rao<JW«lk:fcW4JtttrSi5IBH»Ka>RI 

[0 7] ^j»Wl2CD^«^fcC>r77= 1 4. 6(081*0 

[08] ffi)D< 77= 1 4. 6<DSBCD«*KoatKffi©5 

30 [09] SD< 7?= 1 2. 4, 14. 6<D£KM<Z>ttt* 
©X«HRIS»*^ry^ 

[010] EID<IIJS«2CC*jW-5 > jPXSi^^/;-^ 
[011] BO<*E*«2CC*WSttIXSi5iaBjtt© 
[0 1 2] jaSW2©«t*CC*5l^r77= 1 4. 8©©FS 

[0 1 3 ] He < 7? = 1 4 . 8 <D3H®tttt0ttKffi<D 
[0 1 4 ] (hJD < HtpCc^-r*flnXSiSB<DX«llSf*S 
[015] PID<3B»«l3CC4$W4JlPXSit^*-^ 
[016] BIC< WI«3CC*5W41IPXSi5l«#tta> 

1 jB£»^ 

2 t'L/^h 




[07] 
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